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WC lIavc  olJtai]Ic(l a  4 5 ”  rcsol~lti{jl],  Ny(l[list-sa]]l])l((l  IIIal) it] C’() ,/ = 1 - (1

covering a])])IoxiII Iatcly  a 3° x  3° rcgioll of tllle F;ia]ltl  II Iolcc[IlaI  c]oud  hloIIoccros

1{2. ‘1’lic nlal)  consists  of 167,000 slxTtra  okrvd  Jvitll tlIc 15-clcIIlc:IIt foca]

lJlaIIc  a r r a y  systcln  ol~ tllc  IJC1{A() 14111 t(:lcsco])c, ‘1’llc data r(’veal that tllc

la]gc-scalcstl~lct[lr(:  of hlol] 1{2 is (Iol]li]latml  I)y a - 30  ]K (Iia]l]eter  lary;dy

l]cII]is]~llf>]icalsll~:ll  colltai]li]]g~4  x  1 0 ’1  MC, Ilrutra] ]Ilatcrial andcx]m]ldillg

at, N 3 — 4 km s-l w i t h  sylnl]lctry  axis  ro[lg;llly aloIIg tlIc  lil]c of sight.  ‘J’lIc

dyllalnical  t i m e  scale of  tlIe  sl]cll  is mti]natcd to Lc w 4  x  1 06  years,  wllicl)

is C.o]lsistcnt  with tl]c agc  of main scquc IIcc s tars  powering t,l Ic clustms of

dldion  l~clju]ac i]] this regio]l. ‘J’lIcre is 1]0 cvidm]cc  for a rcd-dliftcd  sl]cll

o] I tlIc  far side of tl]c  i]lkrior  ‘~l~ul)l)lc’), w’llicll  is lar~ely devoid of I]]olcc,ular

lnatcrial.  ])istortio]ls  of tl]c  sllcll arc obvious,  suggcsti]lg;  iIll]o]nogc]]city  of t}Ic

c loud  a]id possible prcscIIcc  of a Illag;llctic field ])rior  to its forI[latio I1. l)m]sc

CIUII1]M i]] hflon lt2,  inc]uclil]g  tllc  ]naill  core and tllc  (;(;1) 12-]5  core,  appear to

k co]ldcnsatio]ls  locakd  011 tllc  ]argc  sIIcII. ‘1’hc rcflcctio]]  ]Icl.)ulac  with tlllcir

illu~nillatillg  stars as WCII as ml}lxxl(ld  1 l{AS sourcm  s~lggcst tl]at tri~;~;wd s t a r

for]] ]atlion lIas tfakml  ])lacc over a large lmrt, of tllc MOII 1{2 sIIcI1, aIId tl]us  IIIay

l)rcfcrdl~ly  lead to follllat,io]l  of l]lassi~’c st am.

SUbjCCI ltcadings:  ISh4: clouds ltc[lcct,io]] Ncbu]ac  stars:  ( ’ a r ] y - t y p e  -  ] ] ] ]

rcgio]]s  - lShl:  s t ruc tu re  - ISM: i]ldividual  objects  (hlolloccros  1{2)
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1. IN’I’I{C)l)LJC; ’I’ION

Youllg  stellar objects arfi 1)01’11 ill Illol(’(’lll ill” C1OII(IS ill [II(’ hlilli~  Wraj’ all(l CXt(!~llill

g a l a x i e s .  AltlJoIiglJ tl)r classifica~ioi]  of tllcsc lllolcc(llar  CIOII(IS Imscd 011 their Illc)]])ll(jlogical

slia]xs al]d sizes is still a]]lllig,~lol]sj (IIC cxistc]lcc of gia]lt  lIIole(ular  clouds (GN1(; S) and tlIc

fact  tl]at tlJcy arc tllc l~irtll  ]jlaccs  of clllslcrs of Imtll low and Iligll  l]lass  stars arc clear (cf.

IIlitz 1980;  1991; SI]U, AdaIIls  & l,izallo 19S7). ‘1’IIc ])ro]mtics  of stars and dusters of stars

oug;l]i, to bc rdatccl  to tlie illitia]  dctlsit<y  and  otl Ier  j)llysical  ]MraIIIrtlCrS  of tlic c l o u d s ,  but

tile  violm]t  dy]lalnical  cffcc(s  of  s tar  forll~ing ])rocrsscs  ]]iil~~ t,rigp;cr sulmquc]lt,  gcllcratio]ls

of s tar  formation (l)laauw 1964; 199];  ltllllcgrccll S1 IJada 1977;  l~lllIcgrcelI  1992) aswdl

as significantly altering the structure of t]lc l)lac.wta] ]I)olcc.LIlar cloud. Llnclcrstanding  L1]C

de ta i l s  o f  tllc rclatio]lslli])  l}ctwccn  young  stars a]ld clouds  is all illtcrcsti]lg  tllcomtical and

observational issue. A very useful  tracer of tllc lllo]l)llologic:ll  and ki]lcnla.t,  ic structure  of

GM(3s is C(2  J =- 1- 0 emission,  but tl]e  large a]lgular sizes of this ty]m  of clouds  make it

difficult to ol~ta.i]]  such ma])s  Jvith ])ro]m sa]nl)lillg  a]ld rcsolutioll.

Moll 1/2 is a  typical  (;h~(; wit]] a ]Ilass of a fcw I(Y fl~cj a]ld a size of SOII]C 30 x 50 pc

(I{utncr  & ‘1’uckc]  1975 ;  hliiddtil~:]]ii  ct. al, 19S6), wl)ic]l  lIarlJors  two r e l a t i v e l y  IVCII  s t u d i e d

star for]nil]g  co]l(lf:]]s:itio]]s, tllc  ]l]aill  core (cf. lkkwit  11 c1 ((I. 1 976; IJorcl]  1 977; Wolf ci al.

1990) and GGI) 12-15 (c f .  (; OIICI1 & Scll~vartz “1!)S();  l,ittlc c/ al. 19!)()). At a dista]lcc  o f

1) = 830 ])c a]ld a galactic latitude of 12°, this (;hl(;  is associatd  wit]) ]IuIIlcrous  rcfldioll

]Icl)ulac  d i s t r ibu ted  in a ]Iarrow  l’;-\V  oric]lt,  cd band across tllc  C1OII{1,  ]nost  of wllicl]  am

illulninatcd  Ly A and 1] t y p e  ]llail]  SCKIIICIICC  s t a r s  (llcrbst  & l{acillc  1976; IIcrcafter  111{).

llughcs  & l]ai]]cs  (1!)S5)  suggested that star for]llatio]]  lIas lNCI-I  taking  p]acc in a lillc or all

anllu]ar  ri]lg 011 tllc scale of tllc  (; M(; . IIolvcvcr, ]llolcc~llar data tllcll  available allowd o]lly

a IIlo]l)llc)logica.1  study  of tllc  struct[lrc  of N’1o]1  1{2 0]1 a large scale.
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2. Ol!Sl;}{VA’1’10NS

WC llavc  ]llaclc  oljservatic)l]s  of (T() J : 1- () e]llissiol] fr[)lll NIOII 1/2 IlsiIlg tlIc Q[.JA1{ l{}’

ll$clcvncllt  focal  ])la  Il(’ al”l’ily  011 tll(’ II Ill 11’(~1{/\()  le]csco]w  ill New Salc]]l,  hlassac]lusctts

bctwml  1991 April and 1 W? JaIILIa  Iy. A  drtailcd  dmcri])tioll  of tllc  rcccivcr  systeIi  I CaII

lx: found ill ltrickso]l  Ci al (1  W?) . ‘J’llc map])il]g  }vas celltcrcd  011 0(1 950) =-- (Ki}L05’’L22s,

6(1 950) =- - 06”22’25”, (,11(! ]msitioll  o f  tllc  illfrard s t a r  cl[lstrr ill tllc  ]Ilaill  mm of h401]

1{2 (I]cckwitjl]  c1 {/1 19’7($). ‘1’IIc s]mcillg  of tllc  data was 25”, tllc 1~’Wllhl  Ix:a]l)  s ize of

tllc tclcscol)c a}mut  45” at 115 (; IIz, a]l(l tl]c It]ail] lWaIII cfficicl)cy  H 0.45.  A 3’2 c}lanllcl

filtcrlmlk with vdoc.ity  rcm]utioll  0.65 knL s -  ] (’clltcrd  0 1 1  v-,.$]{  = 9.9 km s -  1 \\’as Usd

wit]] cdl of tllc 15 rcccivcrs.  Cl)o])pcr  WIIW1 c.alibratioll  was USCXI a]ld tlie data were ta.kml

ill a ]>ositioll-switcl  lillg lnodc  w’itll  a colnl)lol]  rcfcmim lmsitioll  at  0(1950) = OG”I l“lOOS,

4(1 950) = --04°30’00”. ‘1’llis  position was verified to Iw free of ‘2C0  J = 1 – O mnissioll  to

all rms lloise  of 0.05 K using positiol]a]  switcllcd l]-)Ci\SlIICIIIC]ItS  l)ctw’ml  t]]is posi t ion and

a scc.ond rcfcrcllcc position  scvcra]  dcgrcm  a w a y . ‘1’lic sil)glc side-l~alld systmll  tclllpcraturc

of  the  systcvn  rangd  f rom w (L50 K to w 1 (NO A’, and illtcgratioll  til)lcs  w’me adjustd  ill

order to yield a r]ns  noise  ICVC1  of w 0.5/{.

3. S111’;1,1,  SrJ’l{lJWl’lJJ{l’:

3.1. Morpho log ica l  an t ]  l{inemati~  I{lvidence

Figure  1 (plates) I)rcscllts  tile velocity cl IaII]lcl  ]naps  for ‘zCO J == 1 - 0 anission.  ‘1’IIc

out]illc  of tllc gas elllissiol~  ill gmlcral  agrees w’itll tllc  boundaries of tllc  rcgiolls  wit]] large

optical extinction (Kutl]er & ‘J’llckcr  1975), }vllicll  Ivcrc rougl  Ily di~~idd  into several dark

clouds dcl)otd  1,1(;4:3, 1 , 1 6 4 4 ,  1 , 1 6 4 5  .aIld 1,161[; (I,yll(ls  1962; 1’0!SS oi’crlay  1979; l)ixoll
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& %llllrlml’11  19S0). ‘1’11(  g(ll(’ritl III(~rl)lI(JlcJg)F  s((I1 ill IJiglllf I is also  mllsistellt  with  tllilt

revcald l~y tllc ]z(,~~j J  =_ ] _  ( )  ,,1:1~~ o[ ~li](l(l(l](,l]a r/ (//. (l!) S(i), \V]li C]l ]lil S a l’(dllti(~ll

of 8 . 7 ’  iiltd ii Sillll])lillg  i]lkrval  0[ 1;’ 01’  :10’. ‘1’11(’  Stl’Ollg(’s( (’ll)issiot]  Occllls  itl tllc  IIlilil]

mm at 0(1950)  = ()(j/1()~71L~~’$ 6(1!) 50) =- - ()(i”jz’z,j”,? ~~r]lp](~  ;l(.~,i\r(’ St,ar fo]’llliltioll” Ila!i I)CCII

taking  ])lacc ill tllc dcmsc  g a s  tram] IJJ’ I)lillillletcr  tra[lsitiolls  of  Itloleculcs  sucl] as  (3S,

ll(;O+ , and IICN (Xic 1{)92).  ‘J’llis core  ~o]}tiiitls  a gmu])  of rc(lcctio]l  Iicbulac, a co]n])act

1111 region,  a  ]nassivc  Li]mlar  ou t f low illl[l  all //z O Illdscr  (I,or(’1)  1977;  1!181;  IIally & ljada

1 983).  l{oug;l]ly  45’ to tlic cast of this cor(,, tlllcrc  a])]wars  a scco]ld  st, ro]lg source, tllc  (;(;11

12-15  rcgiol}, wllicll c.oillcidcs wit,ll  al]ollicr S])]itll ,gIWII]) of rcflrct, iotl ]1(~1.)lilil(~,  il COIIIpaCt  1111

r e g i o n ,  a bilmlar  outflow a]ld a lJ20  IIlilsf’1’ (cf. lliirvcy  c1 (Il. 1 9S5;  IJittlc,  IImton & l)cllt

](190). ‘J’]Ic ]l)ost  striki)lg  fcatllre rclatd to tllc  l)i])olar  outf]c)ws i s  t,}lc “cgg]jlallt-sll a])ccl”

SIICII cxtcndillg  SOI]]C 30 ’  to tllc IIortllwcst of tllc  IIlaill mm (Xic, (Jolds]nitlll  &? l’atd 1993).

‘1’l)crc.  is also a veloci ty gradient  alollg  tllc Slt-N\4~ clollgatioll  of Llic cloud,  as as lioticed

by h~ac]clc]clla  ci al. (]986).  ‘] ’]lis vc]ocity  gradicllt,  is consistent  ~vit]) t])c direct ion of  L}IC

ga lac t i c  p lane  al)d  tllc lnagllctic  field (I)yck &’, l.ollsdalc  1979),  l~llt its sclisc  is o])])c)sitc  to

tl]at cx~)cctcd  fro]]] galactic rotation  (Ilug]lcs & IlilillCs 19S5) .

‘1’here arc two col)spic.uous  features that llilVC cit,llcr csca])ul  tllc  attc]ltioll  of previous

i n v e s t i g a t o r s  or Ilot IX>CII rcvcalcd I)j’ cxistillg  data. 1+’iist,  ill tl]c }vcstcrl}  ]wrtio]l  o f  tl)c

cloud,  tllcrc a])]wars  a strikillg;ly  Sl)ill’])  N-S oriclltd  ridge of (Il])issiol], I]]ost cvidcllt  ill lligll

v e l o c i t y  cl]annc]s  shown  ill F’igurc 1. ‘1’llcrc  is also  a rougll]y  east-west  oricl]tcd  mnissioll

r i d g e  ill tllc castcrl]  portion  of lIIC cloLId  i]lcludilig;  tllc  G(JI)12-15  rcgio]l  and a chain of otllcr

c.ores 0)1 tllc ridge. ‘1’llc sllar])lims  and clcal)tlcss  of tile edge  of tl}c cunissioll r idges suggest

that  t h e y  arc caused Ly fa i r ly  reccl]t  dyllalllical  cvellt,s and lllay  Ix tllc rcsu]ts  of sl]ock

col])prcssioll  of tllc  l]lolccular g a s . ‘I1lIC  ridges a])])[’al’  CO1’1’tl~iltCd, suggesting kil}cllli~tic

illstabi]ity  of shock front dcvclol)llwllt<  (lCll  IIcgrcclI 1 992).

‘J’IIC SCCO1l(I  fC~tUIT  s u g g e s t i v e  O f  il (l~llilllli(ill  (!\’Cl)t is tll C lz(;O J = 1 -  0 clllissioll
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a t ,  SOIIIC illt,(,l’ll](~(li:lt(~  \’clIJciti(’s  (1’;,,s// T 1 0 . 2 1 -  12.1 S/:),,  .s’ ‘ ) $vl,icll  sl,olvs a *ii)g;-lilif

II K)r I)lIology 011 a scale of trlls  of arc]llillulrs  (Illost co]ls])ic[lol{s  at, VI,.SI~ =- 10. S8kl II s- 1 ).

IIcspit)c  tl]c  fact tllatl tl)c  (~(~1) 12-15 core fal ls  inside  tl]is Ieat(lr(’  and that this ring does

not, IIavc  a ul)it’orlll  illtrllsity  alId is so]ll(’wllat  I)rokc]l ill tlic  liortli(’rll  s ide,  l,IIc  ring  f e a t u r e

is  clmrly  I)resmlt  and s e e m  to bc rollgl)ly  crlltcrml 01] a s]]lall grou])  of rcflcctio]l  ILcbu]ac  at

0(1 950) = 0(; ’’07’” , 6(1950) = -- O(iOl  i“ (N(; C 21S2 regiorij l;lltllcr ‘! ‘J’uckcl’  1975; ?11/).

II) additjiol] to tl]c  IIlor])llological  “ring” Iraturc dcsc.ri I)cd almvc, tllcrc is also a

syst,cmatic  variatlio~l  of tjllc  gas vck)city  wit}]) ]msitiol]. At low 1,S1{ velocities t}lc gas

mllission  sl]ows v e r y  wis])y fcatllrm all(l  is collcc’lltltitf’(1  I[iailily  ill tllc ccIItIal jhart aIId at

tllc  S1’; corllcr of t,llc  cloud. A t  IIigllcr  vcloc.itics  tlIc gas cl]lissio]”l  i s  co]lcc]ltratcd  ill tllc

outlcr part of the region  mal)pcd,  aloIlp;  the NT-S emiss ion  ridp;c, and in the NW corner. It

is  clear  that this  veloci ty variation  cal]llot,  bc cxl)laillml  Incrcly ill tcrllls of tlic  Slt-N\3~

velocity gradic~]t  lncmtio~)d  ahovc.

‘1’he morphological  ring and tlic velocity variatio]l  arc not isolated. ‘J’llis  call Lc better

scm] in I“ip;urc 2, whicl~ sl]otvs  spat ial-veloci ty diap;ran)s  alo]lg  castl-lycst  cuts tllroug]l  the

IIlain c o r e  and tllc GG1)  12-15 c.orc. A]o]lg both cuts tllc  gas ill tllc illllcr  part of the

cloud  i s  b l u e - s l l i f t d  rclativr to tllc  gas ill tllc  olltcr  ])arts  (castcrl)  al]d wcstcrll cxtrclllcs

o f  tfllc c]oll(l),  for]llill:;  a l)llle-sl)iftlcd lJo\v-sl  Ial)(xl  f(~ilt(irc ill tl]c  sl)atial-vclocit,  y diagra  ins.

‘1’l)c spatial cxtc]ltf of this lmw-slIa]d  feature is N 11 ()’, wllicll corrcs]m]]ds  to 2(i.5 J~c a t

a distance of 820 pc (111{). IIcspitc their large size, tllc  arc-slia])cd features ill tl)c  S-V

d i a g r a m s  a])pcar  mlativcly  smootl]  a]ld continuous, wllic]l ]nakcs  a c.llancc su]mqmition  o f

gas at diffcrcllt  veloci t ies  atollg  tl]c  line  of sip;llt  all illl])la[isil~lc  cxpla]latiol).  ‘J’IIc lnaxillnllIl

v(;lo~;ty  (];f+plac~]llcl]t  o f  tllc  blllc-slliftcd gas rc]ati~’c t40 LIIQ Ollt(’1’ aml~ic]lt  clllissio~i  is

~ 3-- 4 A“ln .s- 1 . ‘1’lIc ullccrtai]lty  ill this cstil]latc rcslllts ])rin]ari]y frol]l tllc dctcr]l]illatio]l

of al] awragc vdocitly for tllc gas ill tl]c outer rc,gioll of tllc cloud, ‘J’llc dyllall]ical  ti]l~c scale

for the shell  strllc.turc  is thus  w 4 x 106 years.
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3 . 2 . A  Iligl]ly-Si]~ll~lifiecl  Nflodcl

Wllilc l]lany  collccival)le  ]Jllysical ]~rocesses  lllay  give  r i s e k) v(’locity  variatiol)s  over a

la rge  SGIIC ill a (;h4C, fcw collld  give rise 10 tlIe sII~ootl I cllal]gc  of v(]ocity  with ])ositiol] aIId

tllc  cor)ti]l[lollsllc>ss  of L}w clllissioll  cxllil~itcd  I)J’ LIIc h’lm I 1{2 slIcll. ‘I’l Ic silllj)lest  aIId IIIOSt

attrac.tfivc  cx])lallatlioll  is ])rovidcd  Ly a IIcll]isl)l]crical  or “}vok-like” Cx])a]]dil)g  sl)cll. ‘l’lie

projcctcd  cel)tcr of tile  slid] is C.IOSV to tllc  P!G(;  21 S2 rcgioli. IJig[tre 3 l)r(’sfII)ts  a cartool]

of  this  silllplificxl n]odcl.  Assulllillg  tllc  sl)rll to lx: tllill slid tllc ve loc i ty  dis])crsioll  of tllc

gas to k slllall, tllc cxpdcd gas ve loc i ty  along a lil)c of sig;l]t  call Iw cxI)rcwscd as

(1)

wlIcrc  Vo is tl)c  r ad ia l  ve loc i ty ,  ro is tl)c radius and a: is tlic ])r(~jcctcd distlallcc  froln  tllc

projcc~cd c.enter in tllc plane  of sky. ‘1’llc colltilluous,  sl]lootll  arc-sllapd  features seen in

l“igurc  2 g;ivcs  l~o = 3- 4  kms- 1 , and rO = 55’ (13  pc at a distallcc of 830 ])c). l]) t h i s

si]nplc ]nodd,  the velocity in tllc  outer ])art of tllc  cloud  is assulnul  to Lc tllc original cloud

velocity, al]d tllc axis of syllllndry  of tllc  sllcll lies roug]lly  along tllc lille of sight.

of ]mrticular  il]tcrcst  arc tl]e II~orl)l Iology aIId Iocatiol) of tl]c two duIIsc cores (tllc ]Ilai]l

com a n d  C(;]) 12-15 corc)l  with rcs]wct to tllc slIcll strllctllrc. I)rc)jcctcd illsidc  tllc Iarg;c

ring-feature lnclltiollcd  almvc, (;Cl])  12-15 slloivs a sllar])  roulldisll  edge  (sm e . g .  l~igurc

1 at 1~],.sl~ = 10.23- 10. SSkJn S-l ) faci]lg  tllc  projected  gm]nctrical  ccntcr of  tl]c  ring,

]Cl]]i]lisc.cllt  of the bow-s llalxd l]cad  of coIIIctary  g;lol)ulcs  (cf. l{cil)urth  1 983; ltl]]legrcc]l

1992; l’atcl,  Xic  &, Goldslnitll  1993).  Wllilc  t h e  nlai]l  C.OIC sccIIls to bc p a r t  of tllc ri]lg

fca.turc  at VI,.S~i =- 10.23- 10.SSk7n s“ 1 , it falls i]lto tllc  cavity OII tl)e castcrI) side of tllc

N-S  r idge  scm ill tl]c ]niip.s  for Vl,.sI{ larger t]lall 11 kTJ/ s- 1 . ‘J’IIc  velocitim  of LIIC gas i]] tllc

lnain core and Lhc G(; ]) 12-15 core rclatiw to tllc gas i]) tl]c  SIICII are lxvst  sccll ill l“igurc  2.

‘J’IIc self-iil~s[)rl~ti(j]~  dip of tllc 12C0  J =. 1 - 0 lil]c l)rofilcs aIId tllc  high velocity wi]]gs duc
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tO LIIC l~i}mlar  o[lt(lo)v soll~cw’llatl  coll)])licatc  tll(’ S - V  (Iiilgl’illll, l)IIt tlI(’ gas  ill III(:  ]Ilaill  c o r e

slIows u]) as a  c,o)]crcllt  ])art  ol t,llc l)l{l(l-sl  ]il’t(’(1  ljoIv-slIal)(’(1 l(Iat, LIIxI i]] tile ,S-\~ diagrall)s.

‘1’his  is I))ost easily LI]ldcrstoo(l  if tllr I]laill  core is  located oil tllc  cx~mlldillg  SIICI1 Illovillg

t o w a r d s  [1s. 111 the Cas(! of (:(:1) 12- 1!), t,ll(’ i2[:fj ,) ~. 1 _. (] S(i) f. IC\J(:rS;il  all(l  coll)l)licatcd

ve loc i ty  variatiol]s  of tllc  surrounding  Illakc  tl]is i]itcr])l(’l,zl[io]l  1(’ss collvillc.il]g, but wc feel

that  it, is safe to collcludc  that tliis  rcgioll  is a sllockd  clu[n])  of gas associatd  wit]l  t]]c

large-scale SIICII stlruc.turc.

A siln])lc  llc~lllis])llcriczll  or a ~~oli-lili(”  sI]cI1  IIIO(ICI  calll~ot o(f(r satisfactory cxl)lanatiolls

for all tllc featllrcs  r e v e a l e d  l)y tllc IIigll  rcsol IItiol] IZ(;(j  ,/ , ] . () illlag(:s i]) l“ig;llrc  1.

S - V  diagra]ns  along diflkmlt  cuts arc IIOt always  as siln])lc  as suggcstd  hy l“igurc  2. ‘J’lIc

cmissiol)  ill Inally  is ~]lorc  fraglnclltc.d,  although  tllc  gclleral  a]c-sha])d  feature is  gmlcrally

a]q>am]t.  1]1 fact, distortiol]s  of tllc SIICI1 structure arc clearly (Ic:]l][)llstlatf:cl  Ly t}lc e]nissim]

ridges wl]icl]  ru]] almost, all lvay across tl]c c1ou(I, and t}Ic opc II side  of tllc ring s t ruc tu re

ill tile N W  corl]cr of tllc ma]). ‘1’11[;  overall cloud is solllcw’llat asylnllletric  lmill~;  N 30 pc

c a s t - w e s t  by 45 ])c nortll-sourt]l  (Maddclclla 1 9S(i). IIolvcvcr,  a IIclnispl)crica]  cx])alldil]p;

sllcll scwlIls  to bc a sill)])lc a]ld sat isfactory first-ordel  ]no{lc]  of tfllc  ]argc scale structure of

h401] 1{2.

3.3. Kinet4ic  l’jncrgy

It is Ilot easy to lIlakc  al I acc(lratc calclllatio]]  of tlIc lii]l(’ti(’  e] I(rgj’  of tllc  cx])a]l(li]lg

lnot,iol]s bccausc it rcquims  tlIe dctcrlllil]atio]l  of a refcrc]lcc  vclocityj  lvl Iicl  I i s  II]odcl-

dc])cmdcl)t.  ]Iut i f  Ol]c  lll~li(’S  al] assu]l]])tioll  tll]at a ]argc  pro])ortio]l  of t}lc  clou(] ]]lass i s

Lci]]g swept i]lto  all cxl)alldi]lg  slIcll  and tlIc gcoIII(:tIy  of tllc  SIICII  is 11(’]]lisl)}leric:ll,  t,llen the

cl]crgy  ill thrm dilnclwiolls  ill tllc  cxpal]sioll  is given  Ly E = 1 /2 Al(b V)2 N 6 x 10’t8 e r g s ,

Wll(’I’C  tll(>  CIOlld  Ill~SS  AI is t.31i(’11 LO 1)(! 111(’ 1 , ’ 1 ’ 1 ’ ;  11);1sS  of J X ](P f’lf~, (obtail]cd  fl’0111



. . .
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‘:]c~cj J = ] ---  0 {Iata as CIisc[lss(xl  I)y Xif’ ( 1!)!) 2 ) )  colll,aillfxl  il~ tlI(’ sII(’11,  alI(l ilIe  slI(:ll

cx]mllsioll ve loc i ty  A \~ is tfali(’ll  to l~r 1 L’?IJ .s - 1 . Various ])ossil)l(~  ~lllc[hltailltics  are illvolvcd

ill this csti];  late, including  dcviatiol]s  frol II llcll~isl}llcrical gywlilrtry,  otllcr Col]llmllmlts  o f

systclnatic  ]I)otion  (illcludillg  Iji]mlar  ollt(lows  ill corm) aIItl  ullc(’rtlailltics  ill tllc  II]dss

actually associated wit]) tllc  slic]l.

Anotllcr  way  to csti]]~atc  tlIe total l<il]ctic CVIcrp;y i s  t o  calcula(c tlIe Iii]lctic  cI~ergy

for cac]l ])ixc] of l]lc lnap usi]lg; tllc ‘2C”:0  J  :. 1 -  0  iiIId 1:~(,:() J , ] –- (j (Iata ulldu tllC

assulnptliol]  of 1,’1’]’;  (~ic 1 992),  and tlle]l to sun)  o v e r tllc wl]olr  sI)cI1.  ‘J’llis  l)roccdure  g i v e s

all cstilnatc of 1 x 10’19 crg.s lvl)icll illcludcs  tl]e  ‘ (k ine t i c  cI)ergy” [111(’  to turl)lllcllcx! all{]

otllcr  lnotions.  ]Jut  it is imlmrtalltl  to ]Iotc that  this Cstilllatc  of ki~ldic  enmg;y is only  fo r

ollc dilncllsion  - along tllc  lillc of sight. Givcll  tllc  various ullccrtailltim  and tllc  difficllltics,

we feel tliat tllc total kinetic  cl Icrgy of tllc  systclnatic  II]otio]ls of tllc large-sdc expanding

SIICII  is likely to bc in the ral~gc 5 - 20 x 10’ls  ergs.

4 . ‘1’l{lGGER]’~lj  STA 1{ }{’01{.MA’I’ION  I N  M O N  1{2

111{ first IIilltcd  tliat tllcrc arc at l eas t  two  gcllrratiolls  of star forl]latlioll ill h40n 1/2.

()]1c gellcratlioll, IC1)ICSCII!W1 I)y t]]c II IaIIy A a]]d 1] tylw llltlili-s(~(]~l(~]lcc  stars a s s o c i a t e d

wi th  rcflcctioll  Ilcl)ulac,  occurcd  at ]easi  (~ IIlillio!l  years ago (tllc agc of tllc cluster, 111/),

c.onsistlclltl  wit]] tllc dyllalnical  til]]c  scale  of tile  sllcll (Iiscussd ill this ])apcr. ‘I’l Ic s e c o n d

gmlcration  is tllc Ongoing  star forlnatioll  ill tfllc cores a)]d ill tllc  sl}ocl<-cC)Illl)Icssccl  gas in

tllc ridges as tracd by tllc  bil)olar  out< flo~vs, c.olnl)act  1111 rcgimls, flzOlnascrsalld  II{AS

point  sources with an age of ])robab]y  o]lly 10’1 - - - 1 05 y e a r s  (Ikdwitll  ci al. 1 976; l.oml

1977; ~ic 1!392). ‘1’l)e distributiol~  of t,llc rdlcctioll  IIcl)ulac  and tile ll{AS  ])c)illt  s o u r c e s  w i t h

rcspcd to tl)c  gas call lbc scc]j in l“igurc  1 . ‘J’IJC lnajorit,y  of II{AS point  sources, wllic.]1  arc

lildy  youi]g;  stellar ol)jccts still clnbcdded  ill dust aIId p;as, arc co]]c.clltrated llcar tllc sllar})



I o

e]llissio[] ridges. l’articularly striki]lg  is a gIoIIj) of II{AS  ]x)illi SOUKW Iocatcd  0 1 1  t,l]c  N-!5

elllissio]l ridge , wlIosc distriljlltio]l  clm(,ly folloivs” tl]c (’xt(’llsioll  of  S( rOIIg(ISt)  (~]llissio]l  k) t II(’

]Iortl].  ‘J’llis  coi]lcidcllcc  of II{AS ]mill( SO LIIWS wit]]  clu]))])(~(l  al)(l  I]igl] dc]lsit~~ gas c[nissio]l,

co]]ll.)il]cd wit]] tlIc cvidcllcc  for  tll(’  (~sisl(’]lc(’  ()! Iarg(, Sll(’11  Stl”[l(’t{ll’c!  all(l  tllc  (’x])cctd

Shock  activi ty,  stlol)gly  s(lggcsts  that Sll OCli colllprcssiol]  of tllc  gas Illay  Il:t\’c  triggcrd  tl]c

currcllt  generation of star fort hat, iol). ‘J’l)e  detailed structure of tllc slid]  and a discussion

o f  trigged s ta r  forlnatiol)  ill hloll  1/2 w i l l  l~c ])rcsclltd i]] a slll)sqlle]]t  ]):i])er (Xi(:  &

Goldslnitl]  1993).

‘J’X tl)anks  his 1’111) tl]mis  co]l)]]littcc  IneInl)c13, ltd (;llallg, 1101) l)iCli]]lall  a]]d 1{0]1

SIIC1l for Cxccptiolla]ly  g;ood servic.c, ~]sef(l] (]iscllssi(~lls  }vit]] (;il{:s Novak,’  l’c)ll]J  alrett,Jollll

l{wall,Stcvcalld  Karen Stro]n,  IIill],a]]gcra]ld  Nil~lesll  I'titel ~tlc\grtltc:f[~lly  ack1lotvlcclgc(i.

‘J’l~is w[Jrkis l~altlys~ll)I~(  lltc(l  l~y NASA graIlt  NA(J5-13(i3a]Id  NSIJgILaI~t  AS’1’8S-15406.
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AIJ’I’llol  /S” Al)l)l{l~;SSl;S:

l’aul l’. Golds]  ]litll:  Natiolla] Astrollollly  all(l  I{JIIOS])IICM [k~lltcr,  (;orl)rll  (J Ilivcrsit,y, SImcc

%icl]ccs IIldg., ]tllaca,  N}’ 14 S.53-6S01

‘J’aolillg  Xic: h4S l[i9-506,  .J1’1,/(;altcclI,  l’asacle]la,  CA 91109



l“igum  1. ‘2C0 ./ =- 1  - -  0  C]lallll(’]  lllalH  of’ hfo]l ]{~. l;ac]l  ])a]Icl disl)lays tllc

12C0  J = 1 -- 0 c’lI)issioI]  wit,l)i]]  a velocity wid[ll  of 0.65 k))~ s- * , aIId tlIc  cclltroid  velocity

is indicated ill tllc up]m left  corner of cac]l l)d ILcl. AISCJ sllowl] ill tlic malx a r c  tllc lltAS

]mint  sourcvs  (solid stars), reflection ncl~lllac (solid squares) aII(l 1111 rt:giolls  (O])CII  squares)

a.s discussed i~l ~ic (1 992).

F i g u r e  2. (a) A S-V diagra]))  ill l{igllt  Asccflsio]l,  gpiilg  tllrollgli  tlic ccrltcr of tllc IIlail)

com at J == —O(i022’25”. ( b )  A  S-V diagral])  in l{igl]t Asrmlsiol)  g;oil)g tl]rougli  tllc cm)tcr of

tl]c  (: G]) 12-15 mm at 6 =- –06°10’40”. ‘IT1lc colltour  lCVCIS  arc 0.7, 1.4, . . . . 14 K.
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